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METHOD AND EQUIPMENT FOR 
PRODUCING BIOPOLYMER CRYSTAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a crystalliZing method for 

producing a biopolymer crystal, Which is typically repre 
sented by a protein, and a crystalliZing apparatus for use in 
implementing the method. 

2. Background Art 
Making clear a three-dimensional structure of a biopoly 

mer, Which is typically represented by a protein, not only 
enables to elucidate physiological functions in vivo of the 
biopolymer, but also is extremely useful from the vieWpoint 
of achieving rational development of medicines (drug 
design). As a practical method for analyZing a three-dimen 
sional structure of the biopolymer, an NMR (nuclear mag 
netic resonance) method and an X-ray crystal structure analy 
sis method have been heretofore knoWn. From the standpoint 
of analysis, the X-ray crystal structure analysis method in 
Which there is no restriction in molecular Weight of biopoly 
mer is considered to be especially effective in the future. In 
this X-ray crystal structure analysis method, hoWever, it is 
essential to prepare a single biopolymer crystal for conduct 
ing the required analysis. Moreover, to improve a resolution 
in the structure analysis, it is required to form a single crystal 
having a good crystallinity. 
As a method for preparing a single biopolymer crystal, for 

example, a protein, a vapor diffusion method is commonly 
employed these days. In a sitting drop vapor diffusion 
method, as shoWn in FIG. 14, an aqueous solution 1 contain 
ing a small amount of protein of about 1 pl is dropped into a 
concave part 3 Within a Well solution retention plate 2 (in a 
hanging drop vapor diffusion method, an aqueous solution 1 
containing a small amount of protein is dropped onto a sur 
face being a loWer face side of a cover glass 6 and adhered 
thereto). Further, a precipitant 5 is received in an inner bottom 
portion of a container-shaped concave part (Well) 4, and a top 
opening of the container-shaped concave part 4 is closed 
tightly by the cover glass 6. In this manner, the aqueous 
solution 1 containing the protein comes to a supersaturated 
state due to evaporation of moisture in the course of time, and 
eventually a crystal 7 of protein is precipitated Within the 
foregoing aqueous solution 1. 

After obtaining the protein crystal 7, the crystal 7 is subject 
to analysis of crystal structure. For performing the crystal 
structure analysis, a diffraction intensity measurement of the 
crystal is conducted using an X-ray diffraction measurement 
apparatus. Therefore, it is required to take the crystal 7, Which 
has groWn in the aqueous solution 1, out of the concave part 3 
of the Well solution retention plate 2. For this purpose, in one 
of prior arts, ?rst as shoWn in FIG. 15(a), the protein crystal 7 
is picked up from Within the concave part 3 along With a part 
of the aqueous solution 1 With the use of a tool 8 equipped 
With a nylon ring, Which is generally referred to as a nylon 
loop (of Which diameter is approximately 1 mm or less). 
Normally, this operation is carried out manually under a 
microscope. As shoWn in FIG. 15(b), the protein crystal 7 is 
held along With the aqueous solution 1. Subsequently, 
although not shoWn, after moisture of the aqueous solution 1, 
Which is retained Within the ring of the tool 8, is substituted by 
a defrost, the tool 8 holding the protein crystal 7 and the 
defrost 1' is mounted into a mounting tube 9. Then, the defrost 
1' is quickly froZen in order to protect the crystal 7 and, 
thereafter, as shoWn in FIG. 15(0), the protein crystal 7, Which 
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2 
is held Within the ring of the tool 8, is irradiated With an X-ray 
to carry out measurement of a diffraction intensity. 

To produce a biopolymer crystal being typically repre 
sented by a protein and to conduct an X-ray diffraction mea 
surement of the obtained crystal, the above-mentioned 
method has been heretofore commonly utiliZed. In this con 
ventional method, When the protein crystal 7 has groWn 
Within the aqueous solution 1, to provide the foregoing crystal 
7 for conducting an X-ray crystal structure analysis, it is 
necessary to take each individual crystal 7 out of the concave 
part 3 of the Well solution retention plate 2, and further mount 
the crystal 7 into the dedicated mounting tube 9. HoWever, 
since this operation is normally carried out manually, several 
problems exist in that in the case of conducting the crystal 
structure analysis of a great deal of protein crystal, this opera 
tion is extremely inef?cient and requires a lot of time as Well 
as a larger amount of labor of an operator. 

Additionally, in a method utiliZing a heterogeneous nucle 
ation in Which method a crystal nuclear of a protein is formed 
and groWn on a surface of a solid substrate, the crystal groWs 
in the state of being adsorbed onto the surface of the solid 
substrate. Accordingly, in the case Where the crystal has 
groWn up to be a large siZe of crystal, because entire loWer 
face of the crystal is adhered to the substrate, a further prob 
lem exists in that the crystal is broken and cracked therein at 
the time of taking out the crystal, eventually making it impos 
sible to subject the crystal to the crystal structure analysis. 

SUMMARY OF THE INVENTION 

The present invention Was made in vieW of the above 
mentioned situations and has an object of providing a crys 
talliZing method for producing a biopolymer, in Which When 
subjecting a crystal, Which has been produced, to a crystal 
structure analysis, operations for taking the crystal out of a 
crystal production place and mounting the crystal onto a 
crystal structure analyZer are simpli?ed to improve e?iciency 
of the operations as Well as reduce a labor burden of the 
operator, and Which is capable of automating the operations 
of taking out and mounting the crystal as Well. The invention 
also has an object of providing a crystalliZing apparatus 
capable of preferably implementing the crystalliZing method. 
The invention according to claim 1 provides a crystalliZing 

method for producing a biopolymer in Which a droplet of a 
solution containing a biopolymer is retained on a retention 
member, and the solution is brought into a supersaturated 
state due to evaporation of a solvent from the droplet thereby 
producing a biopolymer crystal Within the droplet, the 
method being characterized by including a step of producing 
the biopolymer crystal on the retention member, Which is 
made of a material alloWing electromagnetic Waves to per 
meate therethrough, so that the biopolymer crystal may be 
subject to a crystal structure analysis together With the men 
tioned retention member. Thus, it becomes possible that the 
crystal is subject to the crystal structure analysis together With 
the retention member Without taking the crystal out of the 
retention member after the crystallization. 
As a result, operations for taking the crystal out of the 

crystal production place and mounting the crystal onto a 
crystal structure analyZer can be simpli?ed at the time of 
subjecting the crystal to the crystal structure analysis after the 
crystal has been produced. Therefore, improvement in e?i 
ciency of the operations and reduction in labor of an operator 
can be achieved. Furthermore, it also comes to be possible to 
automate the operations for taking out and mounting the 
crystal. Consequently, the method according to this invention 
is particularly e?icient in the case Where it is necessary to 
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quickly crystallize, e.g., a large amount of protein, conduct an 
X-ray diffraction measurement, and carry out a crystal struc 
ture analysis. 

The invention according to claim 2 provides a crystallizing 
apparatus for producing a biopolymer crystal from a solution 
containing a biopolymer, the apparatus being characterized 
by including a solution retention member, Which is made of a 
material alloWing electromagnetic Waves to permeate there 
through, and in Which a retention part is formed to retain a 
droplet of a solution containing a biopolymer and a biopoly 
mer crystal produced in this droplet. 

In the crystallizing apparatus of above constitution, the 
droplet of the solution containing a biopolymer is retained in 
the retention part of the solution retention member, and a 
solvent is evaporated from the droplet in such a state. Accord 
ingly, a degree of supersaturation of the solution containing 
the biopolymer comes to be high, and the biopolymer crystal 
is precipitated and groWn in the droplet. In this case, note that 
the solution retention member is made of the material alloW 
ing electromagnetic Waves to permeate therethrough. There 
fore, once the crystal has groWn in the retention part of the 
solution retention member, it becomes possible that the crys 
tal is subject to the crystal structure analysis together With the 
solution retention member Without taking the crystal out of 
the retention member after the crystallization. 
As a result, the method according to claim 1 of the inven 

tion can be preferably implemented, and the above-men 
tioned advantages can be obtained. 

The invention according to claim 3 provides the crystalliz 
ing apparatus as de?ned in claim 2, and in Which the retention 
part of the mentioned solution retention member is a circular 
frame. 
As a result, the droplet of the solution containing a biopoly 

mer is retained Within the circular frame of the solution reten 
tion member, and the droplet of the solution containing the 
biopolymer is reliably retained on the solution retention 
member. 

The invention according to claim 4 provides the crystalliz 
ing apparatus as de?ned in claim 3, the apparatus being char 
acterized in that a plurality of mentioned circular frames are 
formed in the mentioned solution retention member. 
As a result, screening test for searching crystallization 

conditions of the biopolymer can be conducted e?iciently. 
The invention according to claim 5 provides the crystalliz 

ing apparatus as de?ned in any of claims 2 through 4, the 
apparatus being characterized in that an auxiliary solution 
retention member is attached to the mentioned solution reten 
tion member, at least a part of the mentioned auxiliary solu 
tion retention member possessing a?inity for the solution 
containing a biopolymer, and a part or Whole of the mentioned 
auxiliary solution retention member being dipped in the drop 
let on the retention part of the mentioned solution retention 
member. 
As a result, since an a?inity portion or the Whole of the 

auxiliary solution retention member is dipped in the droplet 
on the retention part of the solution retention member, the 
droplet is retained stably in the retention part of the solution 
retention member due to interfacial tension betWeen the a?in 
ity portion of the auxiliary solution retention member and the 
droplet oWing to good Wettability of the a?inity portion of the 
auxiliary solution retention member. 

The invention according to claim 6 provides the crystalliz 
ing apparatus as de?ned in claim 3 or 4, the apparatus being 
characterized in that at least one auxiliary solution retention 
member of a conic con?guration is disposed at en edge por 
tion of the mentioned circular frame so that respective end 
portions may slightly protrude from an inner edge of the 
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circular frame to be directed to a center of the circular frame, 
the mentioned at least one auxiliary solution retention mem 
ber including a hydrophilic end portion, a circumferential 
surface of the mentioned at least one auxiliary solution reten 
tion member being hydrophobic, and at least the end portion 
of the mentioned at least one auxiliary solution retention 
member being dipped in the droplet on the retention part of 
said solution retention member. 
As a result, since the hydrophilic end portion of the auxil 

iary solution retention member is dipped in the droplet Within 
the circular frame of the solution retention member, the drop 
let is stably retained Within the circular frame of the solution 
retention member due to interfacial tension betWeen the drop 
let and the hydrophilic end portion of the auxiliary solution 
retention member oWing to good Wettability of the hydro 
philic end portion of the auxiliary solution retention member. 
The invention according to claim 7 provides the crystalliz 

ing apparatus as de?ned in any of claims 2 through 6, and in 
Which an extending part for mounting the mentioned solution 
retention member onto a mounting part of a crystal structure 
analyzer is formed on the mentioned solution retention mem 
ber. 
As a result, it is possible to mount easily the solution 

retention member onto the mounting part of the crystal struc 
ture analyzer by, e.g., inserting the extending part, Which is 
formed on the solution retention member, into the mounting 
part of the crystal structure analyzer. 
The invention according to claim 8 provides the crystalliz 

ing apparatus as de?ned in any of claims 2 through 7, the 
apparatus being characterized in that a grip is formed on the 
mentioned solution retention member so that gripper means 
of a carrier may support the solution retention member When 
the solution retention member is carried by the carrier or that 
a gripping tool may support the solution retention member 
When the mentioned solution retention member is manually 
carried. 

In the crystallizing apparatus of above constitution, the 
grip formed on the solution retention member is gripped by 
the gripper means of the carrier, or gripped by the gripping 
tool, thereby enabling the solution retention member to be 
supported easily as Well as exactly. 
As a result, it comes to be possible to automate transpor 

tation of the solution retention member using a carrier, or to 
carry out a manual transportation of the solution retention 
member Without fail. 
The invention according to claim 9 provides a crystallizing 

method for producing a biopolymer, in Which a biopolymer 
crystal is produced Within a droplet of a solution containing a 
biopolymer, the method being characterized by including the 
steps of receiving a droplet of the solution containing the 
biopolymer in a permeable pore provided in a retention plate, 
inserting a support member into the permeable pore from a 
loWer surface side of the retention plate, supporting the drop 
let of the solution containing the biopolymer received Within 
the permeable pore and the biopolymer crystal produced 
Within the droplet by the mentioned support member, and 
pulling the mentioned support member out of the permeable 
pore of the retention plate, Whereby the biopolymer crystal 
produced Within the droplet is taken out. Thus, it comes to be 
possible that the crystal supported on the support member is 
subject to the crystal structure analysis as it is. 
As a result, operations for taking the crystal out of the 

retention plate and mounting the crystal onto the crystal struc 
ture analyzer can be simpli?ed at the time of subjecting the 
crystal to the crystal structure analysis after the crystal has 
been produced. Therefore, improvement in ef?ciency of the 
operations and reduction in labor of an operator can be 



US 7,402,208 B2 
5 

achieved. Furthermore, it also comes to be possible to auto 
mate the operations for taking out and mounting the crystal. 
Consequently, the method according to this invention is par 
ticularly ef?cient in the case Where it is necessary to quickly 
crystallize, e.g., a large amount of protein, conduct an X-ray 
diffraction measurement, and carry out a crystal structure 
analysis. 

The invention according to claim 10 provides a crystalliz 
ing apparatus for producing a biopolymer, in Which a biopoly 
mer crystal is produced from a solution containing the 
biopolymer, the apparatus being characterized by including: a 
solution retention plate in Which a plurality of permeable 
pores for receiving droplet of the solution containing the 
biopolymer are provided; and a plurality of solution support 
members that are inserted into each of the mentioned perme 
able pores of the mentioned solution retention plate from a 
loWer surface side of the solution retention plate to support 
respectively the droplet of the solution containing the 
biopolymer received in each permeable pore and the biopoly 
mer crystal produced Within the mentioned droplet, and to 
take respective crystals of the biopolymer produced Within 
the droplet out of each permeable pore of the solution reten 
tion plate. 

In the crystallizing apparatus of above constitution, the 
droplet of the solution containing the biopolymer is received 
in each permeable pore of the solution retention plate, as Well 
as supported by each solution support member inserted into 
the permeable pore of the solution retention plate from the 
loWer surface side of the solution retention plate. Under such 
a state, a biopolymer crystal is precipitated and groWn. After 
the crystal has been produced Within each permeable pore of 
the solution retention plate, the biopolymer crystal is taken 
out of the permeable pore of the solution retention plate in the 
state of being supported on the solution support member by 
pulling the solution support member out of the permeable 
pore of the solution retention plate. It is possible that the 
crystal, Which has been taken out of the permeable pore of the 
solution retention plate in the state of being supported on the 
solution support member, is subject to the crystal structure 
analysis. 
As a result, the foregoing method of the invention accord 

ing to claim 9 can be preferably implemented, and the above 
mentioned advantages can be obtained. 

The invention according to claim 11 provides the crystal 
lizing apparatus as de?ned in claim 10, the apparatus being 
characterized in that the permeable pore of the mentioned 
solution retention plate has such a con?guration as to mutu 
ally communicate, in an internal part of the solution retention 
plate, tWo concave parts respectively formed into a cone 
shape from an upper surface and loWer surface of the solution 
retention plate, and the mentioned solution support member is 
entirely formed into a conical shape so as to ?t in the concave 
part on the loWer surface side of the permeable pore of the 
mentioned solution retention plate, With a top end portion 
being hydrophilic and a circumferential surface being hydro 
phobic. 

In the crystallizing apparatus of above constitution, the 
droplet of the solution containing the biopolymer is received 
in the concave part on the upper surface side of the permeable 
pore of the solution retention plate, as Well as supported With 
the hydrophilic top end portion of the solution support mem 
ber inserted in the concave part on the loWer surface side of 
the permeable pore of the solution retention plate. When the 
crystal groWs in the concave part on the upper surface side of 
the solution retention plate, the biopolymer crystal is taken 
out of the permeable pore of the solution retention plate in the 
state of being supported on the top end portion of the solution 
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support member by pulling the solution support member out 
of the concave part on the loWer surface side of the permeable 
pore of the solution retention plate. 
As a result, the droplet of the solution containing the 

biopolymer can be reliably retained in the permeable pore of 
the solution retention plate, as Well as the biopolymer crystal 
can be easily taken out of the permeable pore of the solution 
retention plate. 
The invention according to claim 12 provides the crystal 

lizing apparatus as de?ned in claim 10 or 11, the apparatus 
being characterized in that the mentioned solution support 
member is provided With an extending part for mounting the 
mentioned solution support member onto a mounting part of 
the crystal structure analyzer. 
As a result, it is possible to easily mount the solution 

support member onto the mounting part of the crystal struc 
ture analyzer by, e.g., inserting the extending part formed on 
the solution support member into the mounting part of the 
crystal structure analyzer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs one preferred example of the present inven 
tion, and is an enlarged plan vieW shoWing a crystal-growing 
chip that constitutes an essential part of a crystallizing appa 
ratus used in order to produce a crystal of protein. 

FIG. 2 is a longitudinally sectional vieW taken along the 
line Hill in a direction indicated by arroWs, and shoWs a 
state of retaining a droplet of an aqueous solution containing 
a protein. 

FIG. 3 is an enlarged perspective vieW shoWing an auxil 
iary solution retention member, Which is an element of the 
crystal-growing chip shoWn in FIGS. 1 and 2. 

FIGS. 4(a), (b) and (c) are vieWs for explaining a method 
for producing a crystal of protein With the use of the crystal 
groWing chip shoWn in FIGS. 1 and 2, and are longitudinally 
sectional vieWs taken along the line IViIV of FIG. 1 in a 
direction indicated by arroWs running through a center posi 
tion of the crystal-growing chip respectively. 

FIG. 5 is also a vieW for explaining a method for producing 
a crystal of protein, and is an enlarged plan vieW of the 
crystal-growing chip. 

FIG. 6 is a longitudinally sectional vieW shoWing condi 
tions of mounting a crystal of protein, Which has been pro 
duced using the crystal-groWing chip shoWn in FIGS. 1 and 2, 
onto a mounting tube of an X-ray diffraction measurement 
apparatus together With the crystal-growing chip to carry out 
the X-ray diffraction measurement of the crystal. 

FIG. 7 shoWs another example of this invention, and an 
enlarged plan vieW of a crystal-growing chip constituting an 
essential part of the crystallizing apparatus. 

FIG. 8 is a longitudinally sectional vieW of the crystal 
groWing chip shoWn in FIG. 7, and a vieW shoWing a state of 
retaining a droplet of the aqueous solution containing the 
protein. 

FIG. 9 is an enlarged planar vieW of the crystal-growing 
chip shoWing a state of producing a crystal of protein With the 
use of the crystal-groWing chip shoWn in FIG. 7. 

FIG. 10 is a schematic front vieW shoWing conditions of 
encapsulating a crystal of protein, Which has been produced 
using the crystal-growing chip shoWn in FIG. 7, in a glass 
capillary of the X-ray diffraction measurement apparatus 
together With the crystal-growing chip to carry out the X-ray 
diffraction measurement of the crystal. 

FIG. 11 shoWs a crystallizing apparatus including a basic 
construction different from that of the crystallizing apparatus 
provided With the crystal-growing chip shoWn in FIGS. 1 and 
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2 as Well as in FIGS. 7 and 8 respectively, and an enlarged 
longitudinally sectional vieW of a crystal-groWing unit form 
ing an essential part of the crystalliZing apparatus. 

FIGS. 12(a), (b) and (c) are vieWs each for explaining a 
crystalliZing method for producing a crystal of protein With 
the use of a crystal-groWing unit shoWn in FIG. 11, and are 
enlarged longitudinally sectional vieWs of the crystal-groW 
ing unit. 

FIG. 13(d) is a vieW for explaining a method for producing 
a crystal of protein in the same manner as in FIG. 11, and is an 
enlarged longitudinally sectional vieW of the crystal-growing 
unit. FIG. 13(e) is a longitudinally sectional vieW shoWing 
conditions of mounting the crystal of protein, Which has been 
produced using the crystal-groWing unit shoWn in FIG. 11, 
into the mounting tube of the X-ray diffraction measurement 
apparatus to carry out the X-ray diffraction measurement of 
the crystal. 

FIG. 14 is a schematic vieW for explaining a method for 
producing a single crystal of protein by a conventional sitting 
drop vapor diffusion method. 

FIGS. 15(a), (b), (c) and (d) are schematic vieWs each for 
explaining a method for producing a single crystal of protein 
as Well. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Several preferred examples according to the present inven 
tion are hereinafter described referring to FIGS. 1 through 13. 

With reference to FIGS. 1 and 2, a crystal-groWing chip 10 
is composed of a chip body 12 that has a plate shape and 
retains a droplet of an aqueous solution containing a protein, 
and an auxiliary solution retention member 14 (hereinafter, 
simply referred to as “auxiliary member 14”) that has such a 
con?guration as a laying circular cone and assists the droplet 
to be retained stably in the chip body 12. 

The chip body 12 is triangle-shaped, and plural (three in 
this example) holloW circular frames 16 are formed in the 
chip body 12. Most portions except for the parts forming the 
circular frame 16 are openings 18. The circular frame 16 is 
capable of retaining a droplet 20 of a very small amount of an 
aqueous solution containing a protein. Further, the openings 
18 act so as to accelerate evaporation of moisture from the 
droplet 20 retained in the circular frame 16 and to cause the 
aqueous solution containing the protein to reach quickly a 
supersaturated state, increasing a degree of supersaturation. A 
supersaturation degree of the aqueous solution containing the 
protein can be adjusted by setting a total area of the openings 
18 appropriately. 

Further, three extending parts 22 are integrally formed so 
as to extend respectively from each apex of the triangle. Each 
extending part 22, as described later, acts as an insert to be 
inserted into a mounting tube at the time of mounting the 
crystal-groWing chip 10 into the mounting tube of an X-ray 
diffraction measurement apparatus. Furthermore, pickup 
through holes 24 are provided respectively in the vicinity of a 
base portion of each extending part 22 through the chip body 
12. Each pickup through hole 24 acts as a grip in order to be 
held the crystal-groWing chip 10 With a pair of tWeeZers 
(pincette) or a robot arm When the crystal-growing chip 10 is 
supported, carried and mounted into the mounting tube of the 
X-ray diffraction measurement apparatus manually or by an 
automated apparatus. Unless required particularly, it is not 
alWays necessary that the chip body 12 be provided With 
either one or both of these extending part 22 and pickup 
through hole 24. 
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The chip body 12 is made of a material alloWing electro 

magnetic Waves to permeate, and particularly formed of a 
material of a high permeability With respect to a Wavelength 
region of an X-ray. In inorganic compounds, organic com 
pounds and high polymers, there are materials satisfying such 
conditions respectively. HoWever, from the vieWpoint of pos 
sessing properties of resistance to Water, resistance to acid 
and resistance to alkali, a small coe?icient of thermal expan 
sion, and superiority in machining performance at the time of 
manufacturing, it is preferable to employ a high polymer and 
a high polymer ?lm. More speci?cally, a polyimide ?lm 
satis?es the above-mentioned conditions eventually resulting 
in the most preferable material. 

In addition, a siZe of the chip body 12 mainly depends on 
droplet amount of an aqueous solution retained on the chip 
body 12 at the time of crystalliZing a protein, and on siZe of a 
receptacle for receiving and accommodating the crystal 
groWing chip 10. Generally, hoWever, it is preferable that the 
chip body 12 is approximately 0.01 mmil .00 mm in thick 
ness and approximately 1.0 mm*l0.0 mm in overall siZe. 
Such chip body 12 can be manufactured by, for example, Wet 
etching. 
The auxiliary member 14 acts so as to prevent the droplet 

20 from dropping doWn out of the chip body 12 When an 
aqueous solution containing a protein is dropped onto the 
chip body 12 causing the droplet 20 to be retained Within the 
circular frame 16. This auxiliary member 14, as shoWn in the 
enlarged perspective vieW of FIG. 3, possesses a conic con 
?guration such that end and bottom there of maybe formed in 
a ?at surface. Hydrophilic properties are given to a ?at surface 
14a of the end, While hydrophobic properties are given to a 
circumferential surface 14b. At least one auxiliary member 14 
(a pair of auxiliary members 14 in this example) is attached 
sideWise to the edge portion of the circular frame 16 of the 
chip body 12 so that the end portions may be opposite to each 
other, as Well as respective end portions may protrude slightly 
beyond an inner edge of the circular frame 16 to be directed to 
a center of the circular frame 16. Thus, as shoWn in FIG. 2, the 
end portion (or the Whole) of the auxiliary member 14 is 
dipped in the droplet 20 retained Within the circular frame 16 
of the chip body 12, Whereby the droplet 20 comes to be stably 
retained by each end portion having good Wettability and an 
inner circumferential surface of the circular frame 16. The 
reason Why the circumferential surface 14b of the auxiliary 
member 14 is made hydrophobic is to prevent an excessive 
amount of droplet of the aqueous solution from being 
adsorbed to the auxiliary member 14 at the time of crystal 
liZing a protein. To retain the droplet 20 Within the circular 
frame 16 of the chip body 12, it is su?icient that only the ?at 
surface 14a of the end portion of the auxiliary member 14 is 
hydrophilic. Furthermore, in the case of attaching a plurality 
of auxiliary members 14 to an edge portion of the circular 
frame 16 of the chip body 12, it is preferable that various types 
of auxiliary members 14 of, e.g., different materials are used 
in combination for crystalliZing a protein. 

Although any of inorganic compounds, organic com 
pounds and high polymers maybe employed as a hydrophilic 
material forming the ?at surface 14a of the end portion of the 
auxiliary member 14, it is preferable that the material resis 
tant to acid and alkali, to corrosion and to Water is employed. 
Inorganic compound and metal substance employed as such a 
material include SiO2, Si3N4, TiO2, A1203, MgO, SrTiO3, 
Au, Pt, Ti and the like. Further, organic and high polymer 
preferably employed as such a material includes a silicone 
resin, a ?uorinated resin containing ?uorine, a polystyrene 
resin, a polypropylene resin and the like, surfaces of Which 
are made partially hydrophilic by a plasma processing. 
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Further, as a hydrophobic material forming a circumferen 
tial surface 14b of the auxiliary member 14, any material can 
be employed as far as the material is superior in resistance to 
acid and alkali, resistance to corrosion, resistance to Water, 
and in micro-fabrication properties. For example, an inor 
ganic compound and metal sub stance preferably employed as 
such a material includes Si, SiO2, Si3N4, TiO2, A1203, 
MgO, SrTiO3, Au, Pt, Ti and the like. Among them, When any 
of the materials except for Si is going to be used, it is neces 
sary to apply a Water repellent treatment to the surfaces 
thereof, thereby reforming the surfaces of the materials to be 
hydrophobic. Furthermore, organic and high polymer prefer 
ably employed as such a material includes the above-men 
tioned silicone resin, ?uorinated resin containing ?uorine, 
polystyrene resin, polypropylene resin and the like. When 
these materials are used, it is not necessary to reform the 
surfaces in properties. 
The auxiliary member 14 is required to be optimum in siZe 

and con?guration thereof so that X-ray may be applied only to 
a crystal of protein, Which is obtained With the use of the 
crystal-groWing chip 10, Without shielding the X-ray When 
the crystal is irradiated With the X-ray. Accordingly, it is 
desirable to make a siZe of the auxiliary member 14 shoWn in 
FIG. 3 as small as possible. In addition, considering Work 
ability and fabrication accuracy at the time of manufacturing, 
for example, the ?at surface 14a of the end portion of the 
auxiliary member 14 is preferably in the range of 1 pm to 100 
mm in diameter d1 and, more preferably, 10 pm to 50 pm. On 
the other hand, the bottom ?at surface of the auxiliary mem 
ber 14 is preferably in a range of 0.1 mm to 2.0 mm in 
diameter d2 and, more preferably, 0.5 mm to l .0 mm. Further, 
the auxiliary member 14 is preferably about 0.1 mmi2.0 mm 
in thickness d3 and, more preferably, about 0.2 mil .0 mm, 
although thickness d3 thereof is determined depending on an 
entire siZe of the crystal-groWing chip 10 and an amount of a 
droplet of an aqueous solution retained on the chip body 12. 
The mentioned auxiliary member 14 can be manufactured by 
applying a Wet etching or a blast etching method. 
NoW, a method for crystalliZing a crystal of protein With the 

use of the crystal-groWing chip 10 of the above-mentioned 
construction is described referring to FIGS. 4 and 5. In addi 
tion, FIGS. 4(a), (b) and (0) show respective longitudinally 
cross sectional vieWs taken along the line IViIV indicated 
by the arroWs in a direction running through a center position 
of the crystal-groWing chip 10 shoWn in FIG. 1. 
A precipitant is dropped into a reservoir (Well) Within a 

Well solution retention plate (not shoWn; see FIG. 14) for 
sitting drop, and the crystal-groWing chip 10 shoWn in FIG. 
4(a) is placed horiZontally on the concave part Within the 
plate. Then, as shoWn in FIG. 4(b), a droplet 20 of aqueous 
solution of a pre determined volume containing a protein is 
dropped into the circular frame 16 of the chip body 12 so that 
the droplet 20 may be in contact With the auxiliary member 14 
With the use of a pipette 26. At this time, the droplet 20 is ?rst 
brought into contact With the ?at surface 1411 (see FIG. 3) of 
the hydrophilic end portion of the auxiliary member 14 to be 
retained by the auxiliary member 14 due to surface Wettability 
inherent in the ?at surface 14a of the end portion of the 
auxiliary member 14. Thereafter, the droplet 20 is spread 
throughout the entire circular frame 16 due to surface tension 
of the circular frame 16 of the chip body 12, and is retained. 
Accordingly, as shoWn in FIG. 4(c), the droplet 20 is securely 
retained Within the circular frame 16 of the chip body 12, 
thereby preventing the droplet 20 from dropping doWn from 
the chip body 12. Subsequently, a reaction reagent (the above 
mentioned precipitant) is dropped into the circular frame 16 
of the chip body 12 thereby mixing the aqueous solution 
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10 
containing the protein With the reaction reagent. Crystalliza 
tion of the protein goes on by mixing the aqueous solution 
containing the protein With the reaction reagent so as to be in 
an appropriate mixture ratio. In FIG. 4, hoWever, only the 
droplet 20 of aqueous solution containing the protein is 
shoWn. Then, the droplet 20 is increased in volume by mixing 
the reaction reagent into the aqueous solution containing the 
protein, and the Whole of the droplet 20 comes to be retained 
Within the circular frame 16 of the chip body 12. In this state, 
the crystallization of protein takes place. 
As shoWn in FIG. 5, the crystal 28 of the protein has been 

precipitated and groWn Within the droplet 20 retained in the 
circular frame 16 of the chip body 12, and thereafter the 
crystal 28 of protein is taken out of the plate along With the 
crystal-groWing chip 10 manually With the use of a pair of 
tWeeZers or an automated apparatus provided With a robot 
arm though not shoWn. In this respect, some crystal nucleus of 
protein is formed incidentally Within the droplet 20 (homo 
geneous nucleation), and others are formed on the ?at surface 
14a of the end portion of the auxiliary member 14 Within the 
droplet 20 (heterogeneous nucleation). Then, although not 
shoWn, after moisture of the droplet 20 is substituted With 
defrost, the crystal-groWing chip 10 is carried to an X-ray 
diffraction measurement apparatus. As shoWn in FIG. 6, one 
of the extending parts 22 of the chip body 12 is inserted into 
the mounting tube 9 of the X-ray diffraction measurement 
apparatus, Whereby the crystal-groWing chip 10 is mounted 
onto the mounting tube 9. Subsequently, the defrost 20' is 
quickly froZen in order to protect the crystal 28 on the crystal 
groWing chip 10, thereafter the crystal 28 of protein on the 
crystal-groWing chip 10, Which is mounted onto the mounting 
tube 9, is irradiated With an X-ray, and a diffraction intensity 
of the crystal 28 is measured to carry out a crystal structure 
analysis. At this time, although the chip body 12 is also 
irradiated With the X-ray, because the chip body 12 is made of 
material having a high permeability in a Wavelength region of 
an X-ray, the X-ray applied to the chip body 12 permeates the 
chip body 12 as it is, and only the crystal 28 is irradiated With 
the X-ray. Accordingly, the X-ray diffraction measurement 
can be conducted With the crystal 28 of protein being held on 
the chip body 12. 

Next, With reference to FIGS. 7 and 8, a crystal-groWing 
chip 30 is different from the above-mentioned crystal-groW 
ing chip 10 shoWn in FIGS. 1 and 2 only in con?guration of a 
chip body 32. That is, the chip body 32 of this crystal-groWing 
chip 30 is formed into an elongated plate-shape. Further, tWo 
holloW circular frames 36 are formed in parallel in the chip 
body 32, and the droplets 20 of an aqueous solution contain 
ing a protein are retained respectively in each of the circular 
frames 36. Further, a pair of extending parts 38 is integrally 
formed With the chip body 32 so as to extend respectively 
from each end of the chip body 32. This extending part 38 can 
be an insert at the time of mounting the crystal-groWing chip 
30 onto the mounting tube of the X-ray diffraction measure 
ment apparatus. Furthermore, a pickup through hole 40 is 
provided in the vicinity of the base of each extending part 38. 
This pickup through hole 40 acts as a grip for being gripped 
by a pair of tWeeZers or robot arm. 

Construction other than the above-mentioned con?gura 
tion of the chip body 32 is the same as that of the foregoing 
crystal-groWing chip 10. That is, a pair of auxiliary solution 
retention members 34 (hereinafter, simply referred to as 
“auxiliary member 34”) that has such a con?guration as a 
laying circular cone, is attached to an edge portion of the 
circular frame 36 of the chip body 32 in such a manner that 
end portions of the auxiliary member 34 may be opposite to 
each other, and respective end portions may slightly protrude 
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from an inner edge of the circular frame 36 to be directed to 
the center of the circular frame 36. In addition, it is also 
preferable that either only one auxiliary member 34 is pro 
vided or not less than three auxiliary members 34 are pro 
vided. A detailed structure of the auxiliary member 34 is the 
same as that of the above-mentioned auxiliary member 14 
shoWn in FIG. 3. Further, respective formation materials, 
siZes and functions of the chip body 32 and the auxiliary 
member 34 are also the same as those of the above-mentioned 
crystal growing chip 10. Furthermore, a method for produc 
ing a crystal of protein With the use of this crystal-growing 
chip 30 and a method for conducting an X-ray diffraction 
measurement of the produced crystal are also the same as in 
the foregoing case of using the above-mentioned crystal 
groWing chip 10. However, in the case of producing the crys 
tal of protein With the use of this crystal-groWing chip 30, it is 
possible to carry out the X-ray diffraction measurement of the 
crystal in a manner different from the above-mentioned X-ray 
diffraction measurement method. The different method is 
noW described With reference to FIG. 10. 
As shoWn in FIG. 9, When the crystal 28 of the protein has 

been precipitated and groWn Within the droplet 20 retained in 
the circular frame 36 of the chip body 32, the crystal 28 of 
protein is taken out of the plate together With the crystal 
groWing chip 30 manually With the use of a pair of tWeeZers or 
an automated apparatus provided With a robot arm. Then, as 
shoWn in FIG. 10, the crystal 28 of protein, Which has been 
taken out together With the crystal-groWing chip 30, is 
inserted and encapsulated in a glass capillary 42 having an 
inner diameter slightly larger than a Width of the chip body 32. 
At this time, the droplet 20 is in contact With an inner Wall 
surface of the glass capillary, thereby being separated from 
the circular frame 36 of the chip body 32 to remain on the top 
portion of the glass capillary 42. Thereafter, the crystal-groW 
ing chip 30 is further inserted into the innermost of the glass 
capillary 42, Whereby the crystal 28 of protein can be loaded 
in the glass capillary 42 under the state of being held on the 
crystal-groWing chip 30 as Well as being separated from the 
droplet 20. Thus, When the crystal 28 of protein is loaded 
Within the glass capillary 42, an X-ray is applied to the crystal 
28 on the crystal-groWing chip 30, and a diffraction intensity 
of the crystal 28 is measured to carry out a crystal structure 
analysis. 

In addition, in each of the above-mentioned examples, the 
auxiliary members 14, 34 are attached to the chip bodies 12, 
32 to form the crystal-groWing chips 10, 30. HoWever, on 
conditions that a droplet of an aqueous solution containing a 
protein or a reaction reagent is easily retained Within the 
circular frames 16, 36 Without dropping doWn from the cir 
cular frames 16, 36 of the chip bodies 12, 32 even if the 
crystal-groWing chips 10, 30 are not provided With the aux 
iliary members 14, 34, it is not alWays required to provide the 
auxiliary members 14, 34. For example, the auxiliary mem 
bers 14, 34 Will not be necessary in the case of dropping an 
extremely small amount of aqueous solution of not more than 
0.5 ul containing the protein onto the chip bodies 12, 32 to 
carry out crystallization of the protein, or in the case Where the 
circular frames 16, 36 of the chip bodies 12, 32 made of a 
polyimide ?lm are not more than 0.5 mm in diameter. 
NoW, an apparatus having a construction basically different 

from those of the crystalliZing apparatus provided With the 
crystal-groWing chips 10, 30 as mentioned above is described 
With reference to FIGS. 11 through 13. 

Referring to FIG. 11, a crystal-groWing unit 44 is employed 
in a crystallization method called as a micro batch method in 
Which oil is primarily used. With the use of this unit, opera 
tions of taking out a groWn crystal of protein and mounting 
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12 
the crystal onto an X-ray diffraction measurement apparatus, 
subsequently conducted, are simpli?ed, Which results in a 
speedy crystal structure analysis. This crystal-groWing unit 
44 is comprised of a solution retention plate 46 in Which a 
plurality of permeable pores 48 for receiving a droplet of an 
aqueous solution containing a protein, and solution support 
members 50 of the same number as number of the permeable 
pores 48. 
A dam 52 is provided throughout a peripheral portion of the 

solution retention plate 46 on the upper surface side thereof. 
This dam 52 acts to prevent oil from getting doWn from an 
upper surface of the solution retention plate 46 at the time of 
dropping the oil on the upper surface side of the solution 
retention plate 46 as described later. The permeable pore 48 
provided in the solution retention plate 46 possesses a con 
?guration in such a manner as to communicate to each other 
tWo concave parts 54, 56, Which are both bored in a mortar 
shape from the upper and loWer surfaces of the solution 
retention plate 46, at a central portion in a direction of thick 
ness of the solution retention plate 46. 

The solution support member 50 possesses an entirely 
conic con?guration so as to ?t into a concave part 56 on the 
loWer surface side of the permeable pore 48 of the solution 
retention plate 46 in the same manner as the auxiliary member 
14 shoWn in FIG. 3. Further, the solution support member 50 
includes at a top end portion thereof a solution support surface 
58, Which is formed into a ?at surface and made hydrophilic, 
While a circumferential surface thereof is made hydrophobic. 
This solution support member 50 is, as described later, 
inserted into the permeable pore 48 of the solution retention 
plate 46 from the loWer surface side of the solution retention 
plate 46 to support a droplet of an aqueous solution containing 
a protein received in a concave part 54 on the upper surface 
side. Further, the solution support member 50 also acts to 
support the crystal of protein produced Within the droplet, and 
to take the crystal of protein, Which has been produced Within 
the droplet, out of the permeable pore 48 of the solution 
retention plate 46. Supposing that the solution support mem 
ber 50 is capable of supporting any droplet of an aqueous 
solution containing a protein and a crystal of protein pro 
duced Within the droplet Without forming any top end portion 
of the solution support member 50 into a hydrophilic ?at 
surface, it is not alWays required to form the solution support 
surface 58 is on the top end portion of the solution support 
member 50. 

In addition, an extending part 60 is attached to a bottom 
surface side of the solution support member 50 so as to extend 
doWnWard from a center position thereof. This extending part 
60, as described later, acts as an insert to be inserted into a 
mounting tube at the time of mounting the solution support 
member 50 onto the mounting tube of the X-ray diffraction 
measurement apparatus. Further, it is preferable that the 
extending part 60 is previously attached to the solution sup 
port member 50, or attached to the bottom surface side of the 
solution support member 50 after conducting the crystalliza 
tion of protein using the crystal-groWing unit 44. Further 
more, it is also possible that a mounting tube itself, Which is 
utiliZed at the time of a normal X-ray diffraction measure 
ment, is used as an extending part. 
The solution retention plate 46 can be made of any material 

of inorganic compound, organic compound and high poly 
mer. A communication part (smallest diameter part) of the 
permeable pore 48 provided in the solution retention plate 46 
is preferably in a range of l umil00 um in diameter and, more 
preferably, 2 umi50 um, although the diameter thereof is 
determined depending on a siZe of the solution support mem 
ber 50 inserted into the permeable pore 48 from the loWer 
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surface side of the solution retention plate 46. Further, the 
solution retention plate 46 is preferably 0.1 mm*5.0 mm in 
thickness and, more preferably, 5 mm*2.0 mm. 

In addition, as to siZe of the solution support member 50, 
the solution support surface 58 of the top end portion is 
preferably Within the range of l umil 00 pm in diameter and, 
more preferably, in the range of 10 umi50 um. Further, a 
bottom ?at surface of the solution support member 50 is 
preferably Within the range of 0.1 mm*2.0 mm in diameter 
and, more preferably, Within the range of 0.5 mmil .0 mm. 
Furthermore, the solution support member 50 is preferably 
about 0.1 mm*2.0 mm in thickness and, more preferably, 
about 0.2 mil .0 mm, although it is determined depending 
on thickness of the solution retention plate 46. 

NoW, a method for producing a crystal of protein and 
subsequently carrying out an X-ray diffraction measurement 
of the crystal With the use of the crystal-groWing unit 44 
having the above-mentioned construction is hereinafter 
described With reference to FIGS. 12 and 13. 

As shoWn in FIG. 12(a), an oil 62 is dropped and pooled on 
an upper surface side of the solution retention plate 46 under 
the state in Which the solution support member 50 is inserted 
into the permeable pore 48 of the solution retention plate 46 
from the loWer surface side of the solution retention plate 46. 
Then, as shoWn in FIG. 12(b), a droplet 64 of an aqueous 
solution containing a protein and a reaction reagent (only the 
droplet 64 of the aqueous solution containing the protein is 
shoWn, and the reaction agent is not shoWn in FIGS. 12 and 
13) are dropped respectively by an appropriate amount into 
the concave part 54 on the upper surface side of the permeable 
pore 48 of the solution retention plate 46 to be mixed. There 
after, conditions in the droplet 64 received in the concave part 
54 on the upper surface side of the permeable pore 48 of the 
solution retention plate 46 are subject to observation. 

During the observation, When ?nding the permeable pore 
48 at Which a crystal 66 of the protein is precipitated and 
groWn Within the droplet 64 as shoWn in FIG. 12(c), only the 
solution support member 50 inserted in this permeable pore 
48 is pulled out of the concave part 56 on the loWer surface 
side of the permeable pore 48 of the solution retention plate 
46 as soWn in FIG. 13(d).At this time, When it is found that the 
crystal 66 of protein has groWn on the surface of the solution 
support surface 58 of the solution support member 50, the 
crystal 66 of protein is taken out of the permeable pore 48 of 
the solution retention plate 46 along With the solution support 
member 50 at the time of pulling out the solution support 
member 50 from the loWer surface of the solution retention 
plate 46. Then, a neW solution support member 50 is loaded in 
the permeable pore 48 from Which the solution support mem 
ber 50 has been pulled out, there by making it possible to 
prevent the permeable pore 48 and others from leakage of the 
oil 62. 

When the crystal 66 of the protein is taken out of the 
permeable pore 48 of the solution retention plate 46 along 
With the droplet 64 under the state of being supported on the 
solution support surface 58 of the solution support member 
50, substitution of moisture of the droplet 64 for an anti 
freeZing (defrosting) agent 64' takes place although not 
shoWn. Thereafter, as shoWn in FIG. 13(e), the extending part 
60 of the solution support member 50 is inserted into a mount 
ing tube of an X-ray diffraction measurement apparatus to 
mount the solution support member 50 onto the mounting 
tube 9. Then, to protect the crystal 66 on the solution support 
member 50, the anti-freeZing agent 64' is rapidly froZen, 
thereafter the crystal 66 of the protein on the solution support 
surface 58 of the solution support member 50 mounted to the 
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14 
mounting tube 9 is irradiated With the X-ray, and a diffraction 
intensity of the crystal 66 is measured to carry out a crystal 
structure analysis. 

EXAMPLES 

Hereinafter, more speci?c examples according to the 
invention are described shoWing experimental examples. 

Manufacturing Example (1) of the Crystal-growing 
Chip 

The crystal-groWing chip 10 shoWn in FIGS. 1 and 2 Was 
manufactured as folloWs. 
A polyimide ?lm of 50 pm in thickness Was employed as a 

material, and the polyimide ?lm Was processed into a pattern 
shoWn in FIG. 1 by Wet etching. SiZe of the chip body 12 Was 
7.0 mm in terms of a diameter of a circle corresponding to a 
contour thereof. Further, the circular frame 16 Was 1.25 mm 
in diameter. 

Next, the auxiliary member 14 Was manufactured by the 
folloWing three different methods (D, @, . 
(D A CVD oxide ?lm (SiO2) of 10 nm in thickness Was 

formed on a surface of a P-type silicone substrate of 0.65 mm 
in thickness, and this thin plate material Was processed into a 
con?guration shoWn in FIG. 3 by Wet etching (hereinafter 
referred to as “auxiliary member A”). The auxiliary member 
A Was d1:35 um, d2:850 um, and d3:0.65 mm in dimension 

(see FIG. 3) 
@ A CVD oxide ?lm (SiO2) of 100 nm in thickness Was 

formed on a surface of a P-type silicone substrate of 0.65 mm 

in thickness, and subsequently a CDV nitride ?lm (Si3N4) of 
50 nm in thickness Was formed on a surface of the CVD oxide 
?lm. This thin plate material Was processed into a con?gura 
tion shoWn in FIG. 3 by Wet etching (hereinafter referred to as 
“auxiliary member B”). The auxiliary member B is d1:35 
um, d2:850 um, and d3:0.65 mm in dimension. 
@A thin plate material of a sapphire crystal of 0.65 mm in 

thickness Was processed into a con?guration shoWn in FIG. 3 
by blast etching. Then, a circumferential surface of the 
obtained member Was dipped in a Water-repellent solution 
thereby making only the circumferential surface hydrophobic 
(hereinafter referred to as “auxiliary member C”). The auxil 
iary member C Was d1:30 um, d2:900 um, and d3:0.65 mm 
in dimension. 
The obtained auxiliary members A, B, C Were located and 

packaged as shoWn in FIG. 1 in the folloWing combination so 
that tWo auxiliary members may be disposed respectively at 
each edge portion of the three circular frames 16 of the above 
mentioned chip body 12: 
The auxiliary member A and auxiliary member B: the 

circular frame provided With these auxiliary members is here 
inafter referred to as “circular frame I’’. 
The auxiliary member A and auxiliary member C: the 

circular frame provided With these auxiliary members is here 
inafter referred to as “circular frame 11”. 
The auxiliary member B and auxiliary member C: the 

circular frame provided With these auxiliary members is here 
inafter referred to as “circular frame lll”. 

Manufacturing Example (2) of the Crystal-Growing 
Chip 

The crystal-groWing chip 30 of the construction shoWn in 
FIGS. 7 and 8 Was manufactured in the same manner as in the 
case of the above-mentioned crystal-groWing chip 10. The 
chip body 32 Was 7.0 mm in length. In addition, the circular 
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frame 36 Was 1.25 mm in diameter. Further, the auxiliary 
members A, B and C Were located and packaged as shown in 
FIG. 7 in the following combination so that tWo auxiliary 
members may be disposed respectively at each edge portion 
of the tWo circular frames 36 of the chip body 32: 

The auxiliary member A and auxiliary member B: the 
circular frame provided With these auxiliary members is here 
inafter referred to as “circular frame i”. 

The auxiliary member A and auxiliary member C: the 
circular frame provided With these auxiliary members is here 
inafter referred to as “circular frame ii”. 

Manufacturing Example of the Crystal-groWing Unit 

The crystal-groWing unit 44 of the construction shoWn in 
FIG. 11 Was manufactured in the folloWing manner: 
A heat-resistant glass substrate of 1.2 mm in thickness and 

100 mm square Was employed as a material, 96 permeable 
pores 48 of a cross sectional con?guration shoWn in FIG. 11 
Were formed by drilling the glass substrate from both front 
and back faces With the use of an ultrasonic drill. Next, the 
Whole of the glass substrate Was subjected to a Water repellent 
treatment, thereby obtaining the solution retention plate 46. 
As for size of the permeable pore 48, an opening thereof Was 
1.0 mm in diameter, and a communication part at a central 
portion in a direction of thickness of the solution retention 
plate 46 Was 30 pm in diameter. In addition, the above 
mentioned auxiliary member B Was used as the solution sup 
port member 50. To hold the solution retention plate 46, a 
frame made of an acrylic resin of 5 mm in thickness and 10 
mm in frame Width Was used, and the solution retention plate 
46 Was further placed thereon. 

[Crystallization Test (1)] 
An elastaze made from the bovine pancreas Was dissolved 

into an ammonium acetate buffer solution of 0. 1 M in concen 
tration and pH 4.6 so as to be 10 mg/ml in concentration, 
Whereby an aqueous solution containing a protein Was pre 
pared. At the same time, NaCl Was dissolved into an ammo 
nium acetate buffer solution of 0. 1M in concentration and pH 
4.6 so that a resultant mixture thereof may be 1.5M in con 
centration, Whereby a precipitant Was prepared. 

The crystal-groWing chip 10, Which Was manufactured in 
accordance With the above-mentioned manufacturing 
example (1) of the crystal-groWing chip (hereinafter, referred 
to as “chip I”), Was placed on a plate for a sitting drop. 500 pl 
of the above-mentioned precipitant Was dropped into a reser 
voir Within the plate. Then, 1.0 pl of the above-mentioned 
aqueous solution containing the protein and precipitant Were 
dropped respectively onto each of the three circular frames I, 
II and III of the chip I, and droplets Were retained Within the 
circular frames I, II and III. Crystallization tests Were carried 
out on condition that the Whole droplets Were retained Within 
the circular frames I, II and III for four days at a temperature 
of 200 C. Thereafter, When observing the droplets Within the 
circular frames I, II and III of the chip I, the folloWing results 
Were obtained. 

Circular frame I: A crystal of protein Was groWn in the 
vicinity of the auxiliary member A. 

Circular frame II: A crystal of protein Was groWn in the 
vicinity of the auxiliary member A. 

Circular frame III: Any groWth of crystal Was not observed. 

[Crystallization Test (2)] 
An elastaze made from the bovine pancreas Was dissolved 

into an ammonium acetate buffer solution of 0. 1 M in concen 
tration and pH 4.6 so as to be 10 mg/ml in concentration, 
Whereby an aqueous solution containing a protein Was pre 
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pared. At the same time, NaCl Was dissolved into an ammo 
nium acetate buffer solution of 0. 1M in concentration and pH 
4.6 so that a resultant mixture thereof may be 1.5M in con 
centration, Whereby a precipitant Was prepared. 
The crystal-groWing chip 30, Which Was manufactured in 

accordance With the above-mentioned manufacturing 
example (2) of the crystal-groWing chip (hereinafter, referred 
to as “chip II”), Was placed on a plate for a sitting drop. 500 pl 
of the above-mentioned precipitant Was dropped into a reser 
voir Within the plate. Then, 1.0 pl of the above-mentioned 
aqueous solution containing the protein and precipitant Were 
dropped respectively onto each of the tWo circular frames i 
and ii of the chip II, and droplets Were retained Within the 
circular frames i and ii. Crystallization tests Were carried out 
on condition that the Whole droplets Were retained Within the 
circular frames i and ii for four days at a temperature of 200 C. 
Thereafter, When observing the droplets Within the circular 
frames i and ii of the chip I, the folloWing results Were 
obtained. 

Circular frame i: A crystal of protein Was groWn in the 
vicinity of the auxiliary member A. 

Circular frame ii: A crystal of protein Was groWn in the 
vicinity of the auxiliary member A. 

[Crystallization Test (3)] 
An elastaze made from the bovine pancreas Was dissolved 

into an ammonium acetate buffer solution of 0. 1 M in concen 
tration and pH 4.6 so as to be 10 mg/ml in concentration, 
Whereby an aqueous solution containing a protein Was pre 
pared. At the same time, NaCl Was dissolved into an ammo 
nium acetate buffer solution of 0. 1M in concentration and pH 
4.6 so that a resultant mixture thereof may be 1.5M in con 
centration, Whereby a precipitant Was prepared. 

In the crystal-groWing chip 44, Which Was manufactured in 
accordance With the above-mentioned manufacturing 
example of the crystal-groWing unit (hereinafter, referred to 
as “unit”), respective auxiliary members B Were inserted and 
loaded from the loWer surface side of the solution retention 
plate 46 in each permeable pore 48 of the solution retention 
plate 46. Next, paraf?n oil Was poured onto an upper surface 
side of the solution retention plate 46 of the unit, Whereby the 
permeable pores 48 of the solution retention plate 46 Were 
entirely covered With the paraf?n oil. Then, 0.5 pl of the 
above-mentioned aqueous solution containing the protein 
and the precipitant Were respectively scaled out and mixed, 
and this mixture solution Was dropped onto the solution reten 
tion plate 46, thus the droplet Was received Within each per 
meable pore 48. A crystallization test Was carried out on 
condition that every droplet Was retained Within the perme 
able pores 48 of the solution retention plate 46 for four days 
at a temperature of 200 C. Thereafter, When observing the 
droplets Within the permeable pores 48 of the solution reten 
tion plate 46, the crystal of protein Was groWn on the top 
portion of the auxiliary member B. 

Subsequently, after securing the mounting tube to the bot 
tom surface side of the auxiliary member B Where groWth of 
the crystal had been con?rmed, the auxiliary member B Was 
pulled out of the permeable pore 48 of the solution retention 
plate 46, and an X-ray diffraction measurement of the 
obtained crystal Was carried out. In addition, at this time, a 
quick-drying adhesive Was applied to a tip of the mounting 
tube thereby achieving immobilization of the auxiliary mem 
ber B. 

[Results of Crystallization and Crystal-mounting Operations] 
Table 1 shoWs results of the crystallization test, maneuver 

ability in taking out the chip I, II and the auxiliary member of 
the unit and mounting them onto the X-ray diffraction mea 




